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Corneal diseases

*MK is corneal infection and

*Microbial keratitis (MK) is one of the reasons of blindness
worldwide

*MK can also cause corneal perforations, within less than 24 h
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*MK is caused from a wide range of bacteria such as
Pseudomonas aeruginosa (PAOI),

Staphylococcus epidermidis (S. epidermidis)
Staphylococcus aureus (S. aureus)
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Healthy eye Keratitis

Contact lenses are risk factors for

developing ocular complications
such as MK

Main symptoms: red eyes, profuse tearing,
photophobia, corneal clouding, intense pain

Although, the incidence of MK is rather low, as compared to
other health conditions, however, due to the high number of
contact lens wearers (45 million in the United States), there
are thousands of cases of MK each year

Contaminated contact lens case Contaminated contact lens



Bacteria can adhere and colonize to lens materials due to their
ability to grow as a resistant biofilm on lenses

Planktonic Biofilm

(5) Detachment and reversion
to planktonic growth, starting a new cycle

(2) Formation of

(1) Attachment to  monolayer and {(3) Microcolony (4) Mature biofilm, with characteristic
surface — roduc\’iion of formation, multi- —>» “mushroom” formed of
P layer polysaccharide

matrix



biofilms represent a major threat
during infections

the use of contact lens, which are
made by long term or
permanent, antimicrobial
materials is a research,
technological and financial issue
of great importance




Conjugate of ciprofloxacin with the silver nitrate
{|Ag(CIPH),]NO;-0.75MeOH-1.2H,0} (CIPAG)
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the Metal Organic Framework (MOF) of formula
(IAg(pt - HMNA) (- MNA) 2= - [(Et;NH)*2 - (DMSO), -
(H20)} (AGMNA)

X OH
RN excess EGN
AgINGY L » {[Ags(ts-Hmna)y(uz-mna), > [(Et:NH) ], (DMSO),(H,0)}
DMSO
S
H,mna Materials Science & Engineering C 93 (2018) 902-910

Materials Science & Engineering C 111 (2020) 110770



X-Ray studies

Journal of Biological Inorganic Chemistry (2018) 23:705-723
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Effects of complex on the growth of microbial strains
Minimal Inhibitory Concentration

AGMNA against PAOI

Materials Science & Engineering C 93 (2018) 902-910
Journal of Biological Inorganic Chemistry (2018) 23:705-723



Compound

MIC (uM)
PAOI S. epidermidis | S. aureus
CIPAG 0.61+0.14 0.46+0.08 0.54+0.07
CIPHCI 1.17+0.22 1.01+0.12 1.45+0.12
AGMNA 25.7£2.4 42.0+0.3
H,MNA >300 >300
AgNO, 60 39.4 79.5

Materials Science & Engineering C 93 (2018) 902-910
Journal of Biological Inorganic Chemistry (2018) 23:705-723




Minimum bactericidal concentration (MBC)

MBC value of MBC value of
CIPAG AGMNA
against S. aureus against S. aureus

Journal of Biological Inorganic Chemistry (2018) 23:705-723



When the value of the MBC/MIC for a compound is < 2,
then it is classified into bactericidal one
which indicates that it kills 99.9% of the microorganisms.
If the MBC/MIC for a compound is 2 4 then it is bacteriostatic,
it inhibits but not kill the organism

MBC (uM)
PAOI S. epidermidis  S. aureus
CIPAG 0.7 0.8 1.0
CIPHCI 1.6 1.6 2.0
AGMNA 61.1 85.7
AgNO, 91.5 140 95
MBC/MIC
PAO] S. epidermidis  S. aureus
| CIPAG 1.14 1.75 1.86]
CIPHCI 1.36 1.48 1.38
MNA 2.38 2.04]

AgNO, 1.53 3.55 1.19



Inhibition zone

CIPAG
PAOI: 32 mm
S. aureus: 28 mm

The eye bulb
diameter is 25mm

/} AGMNA
PAOI: 21.8+0.8 mm
v / S. aureus: 22.1+0.4 mm



The biofilm elimination concentration (BEC) of an agent was determined as
the concentration required to achieve at least a 99.9% reduction in the
viability of biofilm bacteria

CIPAG: 490 pM
CIPH: 897 pM

CIPAG is 1.5 fold more efficient against
biofilm than the commercially available

antibiotic
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A common type of hydrogel used in contact lenses is poly-

HC. CH, { CHs TH3 w
‘ CHz CHE
o SE
HisC._ _~CH; { IJ\ )\ |n
0 0 0 0
0 0 hv \\ Lx
¥ O jf"o Trimethylbenzoyl- 1 W
diphenyl-phosphine- OH 0 0
oxide
OH H,C~  CH, (TPO)
Hae' o
2-Hydroxyethyl ethyleneglycol
methacrylate dimethacrylate p-HEMA
(HEMA) (EGDMA)

Hydrogels are soft and rubbery consistence, excellent
biocompatibility and high permeability to oxygen, nutrients and
other water soluble metabolites making it an excellent material
for contact lenses formation



The dispersion of antimicrobials agents into pHEMA was
qualitatively verified by:

*Refractive index

*Attenuated total reflection spectroscopy (ATR-IR)

*Differential Scanning Calorimetry (DSC)

*X-ray fluorescence spectroscopy(XRF)

*X-ray powder diffraction analysis (XRPD),

*Scanning Electron Microscopy (SEM), Energy-dispersive X-ray
sspectroscopy (EDX)



Antibacterial activity of lens
pHEMA@CIPAG

11.3 mm
pHEMA@AGMNA



Microbial viability on lens

P. aeruginosa 0.4 £ 0.1%

S. epidermidis 1.5 = 0.4% S. aureus 7.7 £ 0.5%



Biofilm elimination pHEMA @ AGMNA

Control pHEMA pHEMA@ Control pHEMA pHEMA®@
AGMNA-1 G AGMNA-1

A
4 \
\

PAOI S. aureus

PHEMA@AGMNA lenses eliminate biofilm by
28.7 (P. aeruginosa) and 39.6% (S. aureus)



In vitro toxicity on human corneal epithelial cells (HCEC)

IC;, values
CIPAG:15.7 £ 0.4 pM
CIPHCI: 20.5 = 0.4 pM
H2mna: 20.7 £ 0.4 pM
AGMNA>120 uM.

pHEMA@AGMNA-1: 94.3 = 0.9%

Cell viability on HCEC

Materials Science & Engineering C 111 (2020) 110770



HCEC MN: HCEC MN:
3.80 £ 0.19%. 2.20 £ 0.19%.
CIPAG: AGMNA:

4.50 = 0.13% 255+ 0.13%

Evaluation of genotoxicity by
micronucleus assay (MN)



Alterations observed in Allium Cepa cells
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In vivo toxicity

Artemia salina, with and
without pHEMA@AGMNA.

No toxicity




Innovative material containing the natural product

HO S - OH
X ’fﬁ“‘::; T I
. . . . o o : ‘ i e ..-:_':."-‘.“ﬂ-u,_h = “"HH .-'J\:“x .--”"
Curcumin has antimicrobial activity o~ >~ 2~ 'xﬂf”*a 7 R N
CH; 0 OH CH;

Zinc complexes show excellent antimicrobial activity

Due to the resistance which is developed by microorganisms against antibiotics
new metallodrugs are needed

(A) (B) (©)

Ribbons of 1 cm width polystyrene (A),
polystyrene@curcumin(B)
polystyrene@|Znl,(Curc),] (C)

Materials Science & Engineering C 84 (2017) 118-122
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Antimicrobial activity P. aeruginosa

100

PO, 0

; ;ﬂ ~_ MIC Znl,(Curc),] 71.3 pM (75.3 pg/mL)
i g MIC curcumine: 339 pM (125 pg/mL)
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Effect on biofilm formation by packaging material

The material reduces the microbial load upon
treatment with polystyrene@curcumin: 7.5%
polystyrene@|[Znl,(Curc),] :14.7%

The material causes reduction in the viability of
biofilm bacteria by polystyrene@curcumin: 2.4%
polystyrene@|[Znl,(Curc),] :23.6%

Materials Science & Engineering C 84 (2017) 118-122
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16" International Symposium on
Applied Bioinorganic Chemistry

1 Metals in Medicine and Biology

(] I | Metallomics, Metalloproteins Structures
- |3 | Metals Complexes Interaction with RNA, DNA or Proteins
= ;‘j Bioinorganic Biomaterials
- 5 Biomimetic and Bioinspired Bioinorganic Chemistry and Energy Conversion
Metal Toxicology and Metals in Environment
- 7 Biophysical, Biochemical and Spectroscopic Methods in Bioinorganic Chemistry
- International Advisory Committee (IAC) National Organizing Committee
[ ] John H. Dawson (South Carolina, United States) N. Hadjiliadis, Chem. Dept. loannina, Honorary Chairman
Andrea Erxleben (Galway, Ireland) SK Hadjikakou, Chem. Dept. loannina, Chairman
- M. Lekka, Chem. Dept. loannina, Vice Chairw
Peter Faller {Strasbourg. France)-Secretary of the IAC ™. Lewxa, Lhem. Lepl. loannina, Vice Lhairwoman
- Eva Freisinger (Zurich, Switzerland) A, Garoufis, Chem, Dept. loanning, Vice Chairman
= Dinorah Gambino (Montevideo, Uruguay) Members:
j £ijian Guo {Nanjing. China) M. Louloudi, Chem. Dept. loannina. Dean
-] Nick Hadjiliadis (loannina, Greece) 1. Plakalouras, Chem. Dept. loannina
Soting Hadjikakou (leannina, Greece) A, Tsipis, Chern. Dept. loannina
Takashi Hayashi (Osaka, Japan) G. Malandrinos. Chem. Dept. loannina
Chnistelle Hureau (Toulouse, France) E. Manos, Chem. Dept. loannina
Zong-Wan Mao (Guangzhou, China) V. Boumba, Faculty of Medicine loannina
Giovanni Natile (Bari, Italy) N. Kourkoumelis, Faculty of Medicine loannina
Chris Orvig (Vancouver, Canada) 0. Alivertis, Dept. Biol. Appl. Technalogy loannina
Jodo Costa Pessoa (Lisbon, Portugal) 1. Sainis, Faculty of Medicine loannina
Helmut Sigel (Basel, Switzerland) A Rossos. Chem. Dept. loanning
Imre Sovégd (Debrecen. Hungary) A Koutsolelos, Chem. Dept. Crete
. | C. Mitsopoulow, Chem. Dept. Athens
Organized by the $. Perlepes, Chem. Depl. Palras
University of loannina, Greece A Salifoglou, Chem-Eng Dept. Thessaloniki

A. Tasicpoulos. Chem. Dept. Cyprus
G. Psomas, Chem. Dept. Thessaloniki
T. Mavromoustakos, Chem. Dept. Athens

V\EBOB-

International Graduate Program in Secretary of the committee

< = E . CM. Banti, Chem. Dept. loannina
B[U|UQIC3| Innrg anic [:hEI'I'IISTr)‘ 5. Stathara, Personal Data Protection, loannina

http://isabe2021.conf.uci.gr = e-mail: isabc2021@uoi.gr




